Objective: To measure the risk of periretirement age disability associated with five different anthropometric measures of body mass and shape, and to compare the measures in this group, the peak age group of obesity prevalence. Design: Longitudinal study of Health Survey for England 1998 respondents followed-up in the English Longitudinal Study of Ageing in 2002. Subjects: National population sample of 1030 women and 888 men aged 55-74 years. Measurements: Five baseline exposure measures (weight (WT), body mass index (BMI), waist circumference (WC), hip circumference (HC), and waist-hip ratio (WHR)) at baseline, and disability outcomes (measured gait speed, self-reported mobility problems, instrumental and ordinary activities of daily living (I/ADLs)) after 5 years. Results: Individually, the heaviest quartile of WC and WHR predicted disability using all outcomes in men. In women, the heaviest category of each of the five exposure measures predicted disability, for each of the outcomes. In competing measures models, WC was included in the best fit model of tested mobility disability in men (odds ratio (OR) 2.4; 95% confidence interval (CI) 1.4-4.1; Po0.05) and women (OR 3.0; 95% CI 1.9-4.8; Po0.001), adjusted for age, height, smoking, social class, and education. WC was also included in the best fit model of all self-reported disabilities in men, and for self-reported I/ADL disabilities in women. Conclusions: Across the periretirement age period, body mass and shape are major determinants of disability, with increases in WC, a marker for abdominal obesity, best predicting risk for most disability outcomes. This result adds to the case for WC to be used in estimates of obesity-related health risks for epidemiological monitoring and clinical care.
Introduction
Obesity is one of the leading contemporary public health problems facing developed countries, with trends in children attracting most of the attention. 1 However, the population segment with the highest prevalence rates of obesity are not children, but adults of periretirement age (i.e., aged 55-74 years). [2] [3] [4] [5] In England in 2003, obesity prevalence peaked in the those aged 65-74, with 28.7% of men having a body mass index (BMI) 430 and 29.9% of women being similarly obese. 5 Prevalence in those aged 55-64 was only marginally lower. In the United States, in 1999-2000, obesity prevalence rates also peaked in men aged 65-74, with 33.4% being obese. In women rates peaked in those aged 55-64 with 43.1% being obese, followed by 38.8% obese in women aged 65-74. 4 Furthermore, the prevalence of obesity in the US has increased dramatically in these age groups over the last 20 years: in the 55-64 year age group by 18.8 percentage points in men, and 20.2 percentage points in women. Similar trends were observed in the 65-74 year age group and for the prevalence of overweight. 4 In the periretirement age group, higher BMI or weight gain have been strongly linked to cardiovascular disease, [6] [7] [8] type II diabetes, [9] [10] [11] [12] and higher rates of knee osteoarthritis. 13, 14 Higher BMI has also been linked to higher overall mortality rates, 15, 16 including increased mortality from cardiovascular disease and several cancers. 17, 18 However, obesity has also been associated with decreased risk of hip fracture, and there have been conflicting results on the relationship of obesity with greater muscle strength and higher bone density, factors that are associated with less disability. 19 While the disease outcomes of obesity have been well studied, the net functional consequences have not achieved sufficient attention in this age group, despite their public health impact and contribution to the costs of obesity. Disability can be defined as a reduction in a person's ability to perform 'normal' daily activities. 20 Prevalence rates of disability increase with age, and disability is linked to the need for personal care and is predictive of future hospitalization and institutionalization. 13, [21] [22] [23] Self-reported measures of difficulty with Activities of Daily Living (ADLs) and Instrumental Activities of Daily Living (IADLs) are established markers of general disability. Mobility (walking) disability often occurs early in the disablement process, is a basic everyday function, is reported with limited cultural biases and has a negative impact on quality of life. [24] [25] [26] Therefore, this study focused on measures of mobility disability, including an objective performance measure of gait speed, as well as I/ADL measures of disability.
In the periretirement age-group, there is some evidence from the US of higher rates of self-reported disability with increased BMI, even controlling for associated medical conditions. 27, 28 Data is sparse on measured functional limitations rather than self-reported limitation and for markers of obesity other than BMI. Exploring the value of other measures of body shape and mass is of particular relevance, as there is increasing evidence that abdominal obesity may be more important than overall BMI. [29] [30] [31] [32] In this study, we aimed to identify which of five anthropometric measures of obesity best predicted a range of disability outcomes in the periretirement age-group. We used data linked from the Health Survey for England 1998 and the English Longitudinal Study of Ageing 2002, 33 which together provide a 5-year follow-up of a nationally representative sample in the periretirement age-group. The gait speed test was only performed on adults aged at least 60 years at the time of ELSA W1, therefore adults aged younger than 55 years at HSE 1998 baseline were not eligible, and adults aged at least 75 years at baseline were excluded in this analysis in order to confine analysis to the periretirement age. There were 3961 adults aged 55-74 in HSE 1998 . In all, 657 participants were excluded from this analysis because they lacked any data on the exposure measures, disability outcomes, or covariates. The final sample for this paper included data from 1030 women and 888 men aged 55-74 at baseline.
Subjects and methods

Anthropometric measures of obesity
Five anthropometric measures of obesity (BMI, WT, WC, HC, and WHR) were evaluated as markers of risk exposure (exposure measures). BMI values were analyzed in three groups: o25, 25-o30, X30, according to current guidelines that classify a BMI of 18-o25 as 'normal' weight, 25-o30 as 'overweight', and X30 as 'obese'. 35 All other exposure measures were analyzed in quartiles, with the middle two quartiles considered in aggregate (to generally match the proportions defined by the three BMI groups, with sample proportions of 1:2:1).
Disability measures
Five outcomes for disability were considered. First, measured mobility disability, based on a well-established physical performance test of timed gait speed, from an eight-foot walk. Second, two outcomes of self-reported mobility disability, using difficulty walking 1/4 of a mile and difficulty with at least two activities of mobility function. Finally, two outcomes of self-reported difficulty with daily activities, using difficulty with any of the six ADLs and difficulty with any of the seven IADLs. Gait speed was directly measured in two eight-foot long walks, and slow gait speed was defined as o0.6 m/s, a cutpoint which approximates the bottom quintile in this population, and which has been used as a cutpoint in other populations. 22, 36 If participants did not participate in the gait speed test because they reported they were unable, they were grouped together with the slow walkers. Self-reported mobility disability was defined as any reported difficulty (some, much, unable) to a series of questions about difficulty walking 1/4 mile. Self-reported mobility disability with mobility function activities was also defined as difficulty (persisting for at least three months) with at least two of the six activities of mobility function (walking 100 yards; getting up from a chair after sitting for a long period; sitting for about 2 h; climbing several flights of stairs without resting; climbing one flight of stairs without resting; and stooping, kneeling or crouching). For self-reported disability of daily activities, disability was defined as reported difficulty with any of the six ADLs (dressing, including putting on shoes and socks; walking across a room; bathing or showering; eating, such as cutting up food; getting in or out of bed;
Obesity and disability in adults aged 55-74 years SB Angleman et al using the toilet, including getting up and down) or reported difficulty with any of the seven IADLs (using a map to figure out how to get around in a strange place; preparing a hot meal; shopping for groceries; making telephone calls; taking medications; doing work around the house or garden; managing money, such as paying bills and keeping track of expenses.) These outcomes were chosen because markers of mobility disability, particularly gait speed, are relatively free of cultural bias, and the self-reported questions were designed to be comparable to questions asked in the US Health and Retirement Survey (HRS), a sister study to ELSA. 37 
Statistical methods
To test the association of anthropometric exposure measures of weight and fat distribution with subsequent outcomes of disability, analyses used logistic regression modeling and adjusted for confounders. All statistical analyses were performed using STATA 8 SE software. The covariates included were age, social class, education, and smoking. Separate analyses were performed for men and women because the prevalence of obesity differed by gender, there are known differences in fat distribution by gender, and the prevalence of disability also varies by gender. All analyses were repeated in a subset of this population, which excluded any participants that reported activity-limiting longstanding illness at baseline (n ¼ 703). Odds ratios (ORs) reported are for the highest category of BMI, or highest quartile for all other exposure measures, compared against the lowest category or quartile, in multivariate logistic regression models. First, the five exposure measures were considered independently from each other in adjusted multivariate models, for each of the five outcomes and by gender. For each of the ten outcome-gender scenarios, the best and second best fit regression models were determined by comparing the model log likelihoods. The exposure measure from each of these two best fit models was then included together with the other in an adjusted multivariate logistic regression model. The likelihood ratio test, a statistical method to compare models by their log likelihood scores, was then used to determine if this larger model was better than either of the models which included only one of the exposure measures.
Age was adjusted as a continuous variable, but all other variables were evaluated categorically. All models were adjusted for height, except when BMI was the exposure measure in the model. Sensitivity analyses were also done: with models fully adjusted, but not for height, with models in which the exposure measures were evaluated as continuous variables, exposure measures in tertiles instead of quartiles, and also with the middle two quartiles of the exposure measures considered separately, instead of in aggregate. All results presented were weighted with the sampling weight for ELSA, which was determined by the Office of National Statistics (UK). 33 To form these weights, nonresponse data were analyzed and two stages were identified which were incorporated into the calculation of a nonresponse weight (households which agreed to be interviewed beyond HSE, yet did not have an age-eligible individual; household-level nonresponse at ELSA W1).
Results
The mean ages for the 1030 women and for the 888 men included in these analyses were 64.3 years and 64.1 years, respectively, at baseline in 1998 (Table 1) . Although women and men both had mean BMI values of 27.6, there were significant differences (Po0.05) in mean values for WT, WC, HC, and WHR, with men having greater values for all measures, except HC. For both men and women in the highest strata of each exposure measure, there was a greater percentage of disability compared to those in the lowest strata of each respective measure, for all measures and outcomes ( Table 2 ). In general, there were increasing trends in percentage of Obesity and disability in adults aged 55-74 years SB Angleman et al disability, across the three categories for each exposure measure. However, there were exceptions in men, in which the middle strata had a lower percentage of disability than the lowest strata of exposure, particularly when using the measure of WT or the outcome of slow measured gait speed or self-reported difficulty with any of the IADLs. However, the measure of WHR in men consistently showed increasing trends, across all outcomes. In models comparing each exposure measure alone (adjusted for age, height, smoking, social class, and education), being in the highest strata of any of the five exposure measures predicted disability, consistently across all outcomes, in women ( Figure 1 ). In men, WC and WHR consistently predicted statistically significant associations with all outcome measures of disability, as well.
For each of the ten outcome-gender scenarios, exposure measures were evaluated independently in adjusted models (Figure 1) , and the best fit model and the second best fit model are presented in Table 3 . 'Model a' and 'Model b' are, respectively, adjusted models including only the exposure measure from the best fit, or second best fit models (as determined by LL), as considered independently from other exposure measures. 'Model ab' includes both exposure measures from Models a and b. For each of the ten outcome-gender scenarios, ORs are presented for the exposure measure (highest strata compared to the lowest). WC alone (rather than in combination with other anthropometric measures) emerged as the exposure variable which best predicted measured mobility disability, in both women and men (Table 3 ). In similar analyses for the self-reported outcomes, the model with WC alone was still the best predictor for men. For women, WC alone was also the best predictor of difficulty with ADLs and IADLs. However, for self-reported difficulty walking 1/4 mile, the model with WT alone was the best, although both WC and WT retained statistical significance when present in the same model (OR 2.0 95% CI 1.1-3.5, Po0.05 for WC; OR 3.0 95% CI 1.6-5.7, Po0.001 for WT). For self-reported difficulty with at least two activities of mobility function, the model including HC and BMI together was best for women, and this model was better than either exposure measure alone.
Sensitivity analyses
In order to estimate risk of incident disabilities only, we repeated analyses eliminating the subgroup (n ¼ 703) of people who reported activity-limiting longstanding illness at baseline. Results were similar (data available from authors). Some power was inevitably lost due to the smaller sample size; in women, WC and BMI individually retained significant associations (Po0.05) for all outcomes (except for the outcome of difficulty with IADLs). In men, WC and WHR When height was left out of the models (still adjusted for age, smoking, social class, and education), WC was still the overall best predictor of future disability, for both men and women. The magnitude of risk predicted by the anthropometric measures of weight/fat distribution did not differ greatly with the presence or absence of height. For instance, for the outcome of slow measured gait speed, for women in the highest quartile of WC, the OR was 3.0 (95% CI 1.9-4.8, Po0.001) with height in the model, and the OR was 2.9 (95% CI 1.8-4.6, Po0.001) with height out of the model (Data available from authors).
In sensitivity analysis performed using exposure variables analyzed in tertiles, WC was consistently in the best model, with only one exception (in men, using the outcome of difficulty with IADLs, WHR was the best, as opposed to WC in the original models). Analysis in which the middle two quartiles of the exposure measures (WT, WC, HC, WHR) were not aggregated also produced comparable results. Overall, the best fit models still included WC. In analysis considering Obesity and disability in adults aged 55-74 years SB Angleman et al exposure variables as continuous, the top two independent exposure measures were evaluated together in the same model (via the same method used for the categorical models). The log likelihood ratio test again consistently found the best fit for models with WC alone (and adjusted for other covariates) across gender and disability outcomes (with only one exception in which WC and weight were both included in the best model, in women for the outcome of difficulty with at least 2 mobility activities) (Data available from authors).
Discussion
In periretirement age adults, this analysis showed that all five measures of body mass and shape were predictive of onset of disability 5 years later, using a wide range of disability measures, including measured gait speed. WC was overall the predictor included in the best fit models of disability in both men and women, but in women the relationship was somewhat less consistent when using the self-reported mobility disability outcomes, with body weight perhaps adding additional predictive value for these outcomes. In assessing the results, there are limitations of this study to consider. The follow-up data presented are from community-living respondents and did not include those in institutions, although the latter group is small in the studied age-groups. The follow-up was subject to some attrition, with a 67% response rate in 2002. Also, it was not possible to link individual information from participants of HSE 1998 who did not elect to participate in ELSA W1, due to lack of legal consent, at this time. However, the mean BMI for men aged 55-74 who participated in HSE 98 was 27.7 (n ¼ 1178) and for women was also 27.7 (n ¼ 1529). The mean WHR for men aged 55-74 who participated in HSE 98 was 0.945 (n ¼ 1824) and for women was 0.819. None of these values differed significantly from those participants of ELSA W1 included in the present analysis. 34 There were 280 women and 210 men who participated in HSE 1998, in the 55-74 year age range, with at least one baseline exposure measure, and who participated in ELSA W1 but were not included in the present analysis because they lacked information either for an exposure, outcome, or covariate. Their mean values for the obesity exposure measures tended to be only modestly higher in those not included in analysis, and did not differ significantly from those included, with two exceptions. The results follow, with the mean value for the included given first, followed by the value for the excluded: BMI 27.6 vs 27.8 (men), 27.6 vs 28. 
Adjusted for age, height, smoking, social class, education; w Po0.001; *Po0.05; odds ratio (OR); confidence interval (CI); log likelihood (LL). Exposure measures were evaluated independently in adjusted models (Figure 1 ). 'Model a' and 'Model b' are, respectively, adjusted models including only the exposure measure from the best fit, or second best fit models (as determined by LL), as considered independently. Model ab includes both exposure measures from models a and b. The best fit model for each outcome is in bold.
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Another limitation is that while the study included measured WC, which has been associated with disease risk in many studies, there was no direct measurement of fat with imaging. However, for informing routine clinical practice, large-scale epidemiological study and public health surveillance, the measures analyzed remain the most practical. Also, it is possible that some persons with disability at baseline were included in the analysis as detailed disability data were not collected at that time. However, further analysis, which excluded all those who at baseline reported that they had any activity-limiting long-standing illness, resulted in very similar results, with comparable magnitudes of risk, although significance was sometimes lost due to the smaller sample size.
There are several important strengths of this study. The data come from studies which are nationally representative, and the follow-up period of 5 years is substantial and relevant to clinical and public health monitoring of obesity-related risks. Although most previous studies have been based only on self-reported disability, we have confirmed our results using a well validated physical performance test for mobility disability. 23, 26 Our findings are consistent with the findings of a study of 14 924 adults in the third NHANES in the US, which reported that WC, and not BMI, predicted hypertension, dyslipidemia, and the metabolic syndrome. 38 Incidentally, this study noted that when WC was analyzed as a dichotomous variable, BMI was also a predictor of risk, indicating the importance of the sensitivity analysis we have done on the effect of grouping the exposure measures. Other evidence has shown that increased WC can increase disease risk, even in individuals with normal weight or BMI. 35 WC for a given BMI has been found to be a stronger predictor of mortality than BMI for a given WC. 39 There are several established limitations in using BMI as a measure of obesity. 29, [40] [41] [42] [43] [44] First, BMI fails to differentiate between mass contributed by muscle and that by adipose tissue. Second, by dividing weight by the square of height, BMI has been criticized for inadequately adjusting for height and for being disparately associated with body proportions (e.g. producing higher values for those with shorter legs). Finally, the current guidelines for healthy weight, based on BMI, have been criticized for a lack of evidence-based recommendations by age group, gender, and ethnicity, especially for adults older than 65. 44 WHR has also been proposed as a good marker of obesity-related risks, but there is evidence that compared to WC alone, WHR appears to be an inferior measure. In a prospective Danish study, 'Diet, Cancer, and Health' (a longitudinal study of 57 054 adults aged 50-64 at baseline, with a mean follow-up time of 6.8 years), WHR was not adequate in explaining the independent and opposite associations of WC and HC with mortality. 45 A possible mechanism whereby WC could be the most predictive marker of obesity risk may be through its ability to reflect the size of abdominal fat deposits. WC has been shown to correlate with the amount of fat in the abdomen as measured by magnetic resonance imaging (MRI) and computed tomography (CT). [46] [47] [48] A study of 90 adults aged 55-75 years which measured abdominal visceral fat by MRI found that WC was the only independent predictor of visceral fat in women, although WHR was the strongest independent predictor of visceral fat in men. 46 Another study, of 51 adults aged 27-78 years, measured abdominal visceral fat by CT and found that it was more strongly associated with WC, than with WT, BMI, HC, or WHR, in both men and women, and the same was true for total abdominal fat in women. 47 WC was also very strongly correlated with subcutaneous fat in both men and women, and with total abdominal fat in men.
Abdominal fat is comprised of fat from subcutaneous and intra-abdominal depots, the latter being made up of visceral (intraperitoneal) fat and retroperitoneal fat. 49 Larger visceral fat mass has been shown to increase proportions of free fatty acids (FFAs) in circulation, particularly in women, and this may contribute to insulin resistance. 50 Abdominal adipose tissue has been associated with major conditions, including cardiovascular risks such as coronary artery disease (CAD), diabetes, insulin-resistance, hypertriglyceridemia, and hypertension. [51] [52] [53] [54] [55] An interesting finding of our analysis is that although WC remained the predictor in the best fit models for disability in men, regardless of outcome, the same was not true for women for two of the self-reported mobility disability outcomes. These inconsistencies may reflect greater difficulties experienced by women of heavier weight in walking intermediate distances, compared to the difficulties posed by the shorter walking tests or everyday activities. Larger body weight and/or hips may possibly contribute more to difficulty with some of the mobility-related daily activities than WC.
There are many ways to view data regarding body mass and shape. In this analysis, the exposure measures were analyzed categorically because of literature which suggests a nonlinear effect of these variables on outcomes. 56 Since discrete variables are more robust for investigating nonlinearity, it is thus more appropriate to use obesity as a categorical variable, rather than a continuous variable. Exposure measures other than BMI were analyzed in quartiles, with the middle two quartiles considered in aggregate, so that we could generally match the proportions defined by the three conventional BMI groups, which presented in this sample with proportions of 1:2:1. Examination of quartiles, instead of tertiles, for example, allowed
Obesity and disability in adults aged 55-74 years SB Angleman et al us to maximize the separation of the extremes of weight/ body composition. Comparative analysis performed using exposure variables analyzed in tertiles or in a continuum yielded similar results. The disability outcome of gait speed could also have been considered as a continuous, rather than dichotomous, variable. The latter was done for several reasons. First, we preferred a cutpoint to a continuum since some people were disabled enough so that they could not complete the task, and we wanted to included these people in our 'disabled' category. Second, dichotomizing or categorizing gait speed has commonly been done in the literature, 23 and specifically 0.6 m/s has been used by other researchers in the field as a cutpoint for gait speed in eight-foot timed walks. 22, 36 Finally, examining gait speed as a dichotomous outcome was consistent with the other four disability outcomes. The exposure measures were highly correlated (Pearsons correlation coefficients ranging from 0.61 to 0.77). Since highly correlated predictors may lead to significant change in regression coefficients if independent variables are included or removed, collinearity was investigated by calculating variance inflation factors (VIFs). 57 No evidence of collinearity was found in the ten best models by gender and disability outcome. There was also no evidence of collinearity found in the 10 models by gender and outcome, which included the top two exposure variables, or in models with all exposure measures considered together. Potential effect modification was investigated by testing for interaction. The top two independent exposure variables for each of the 10 outcome-gender scenarios were considered as metric variables, and were included together as an interaction term. Testing for a significant interaction using the Wald test, only one of the ten models had a significant interaction (Po0.05). This was the model in men for the outcome of difficulty with ADLs, in which both WC and BMI were considered. However, using the likelihood ratio test, the best fit model for this gender and outcome included WC as the only exposure variable, not both WC and BMI. This model was further investigated for interaction by creating a separate variable with nine levels (three strata of WC by three strata of BMI), which revealed no evidence of a positive interaction. All 10 models were investigated in this manner, and although risk was always highest in the 'high/high' (highest level for each of the two exposure variables) category, there were no sub-categories in which the risk was significantly protective, relative to the reference group (lowest strata for both of the two exposure variables).
Better identification of those at risk in the periretirement period could make a major contribution to the prevention of some obesity-related disability, as several of the intermediate conditions are amenable to intervention. The results presented suggest that identification of risk should be based on WC rather than just BMI, both for epidemiological monitoring and for clinical practice in this age group, which has the highest prevalence rates of obesity in the population. It is also possible that the currently recommended age-independent BMI cutpoints used to define 'overweight' and 'obesity,' are not ideal and should be augmented by evidence-based groupings of WC.
Conclusions
WC is, overall, the predictor in the best fit models of obesityrelated disability in periretirement age adults, over a 5-year follow-up period. Our findings add to the case for moving away from BMI as the main measure of monitoring health risk in this age-group. Clinical practice and epidemiological monitoring should consider adopting the WC measure for the identification of those at risk, especially in this peak age group for obesity prevalence.
